Introduction
Coronary heart disease (CHD) is one of the major causes of death worldwide. In recent years, revascularization including percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG) has greatly improved the treatment, symptoms, and prognosis of CHD. However, the presence of restenosis is inevitable and approximately one-fifth
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Methods
Study Population
A total of 142 subjects enrolled in this study were patients who underwent coronary angiography at the cardiac catheterization room of Xiangya Hospital, Central South University, Hunan Province, China and were recruited between 2014 and 2016. All patients were diagnosed with ≥ 90% luminal diameter stenosis in at least one major epicardial coronary artery. The exclusion criteria were as follows: recent history of acute coronary syndrome, PCI within the previous three months, history of CABG, decompensated heart failure or valvular heart disease, any concomitant inflammation or infectious diseases or neoplastic diseases, and severe liver and kidney dysfunction. General characteristics including history of smoking (current or former smoker), drinking (current or former drinker), hypertension, and diabetes mellitus (DM) were recorded by interviewing patients directly. BMI was calculated as weight (kg) divided by squared body height in meters (m 2 ). Hypertension was defined as systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg or use of antihypertensive treatment. DM was defined as a fasting plasma glucose ≥ 7.0 mmol/L or use of DM therapy. Hyperlipidemia was defined as serum total cholesterol (TC) ≥ 240 mg/dl, low-density lipoprotein cholesterol (LDL) ≥ 130 mg/dl, or taking any hypolipemic agents. Informed consent was obtained from all participants. The study protocol was approved by the Ethics Committee of Xiangya Hospital, Central South University, Changsha, Hunan, China.
Coronary Angiography
Coronary angiography was routinely performed for all patients using standard Judkins technique. Examination of the angiograms and evaluation of the grade of CCC were performed by two experienced interventional cardiologists. Severe coronary artery stenosis was diagnosed if there was ≥ 90% luminal diameter stenosis in at least one major epicardial coronary artery. The CCC grading was performed according to the Rentrop classification 17) : grade 0, no filling of any collateral vessels; grade 1, filling of side branches of the artery to be perfused by collateral vessels without visualization of epicardial segment; grade 2, partial filling of the epicardial artery by collateral vessels; and grade 3, complete filling of epicardial artery by collateral vessel. If there was more than one occluded vessel with a luminal stenosis of 90% or more, the highest Rentrop grade of collateral development was selected as collateral grade. The severity of CHD was determined according to Gensini scoring system 18) . The existent CCC that decreased in-hospital death from anterior myocardial infarction 4) . Moreover, the presence of good CCC was associated with better clinical outcomes including long-term survival, major adverse cardiovascular event rates, right ventricular infarction, complete atrioventricular block, cardiogenic shock, and ventricular tachycardia/ventricular fibrillation in patients with acute and inferior ST-elevation myocardial infarction 5, 6) . Fluid shear stress (FSS) is induced by coronary artery stenosis and is known as the initial factor of CCC 2) , but a contradictory clinical phenomenon is that patients with the similar degrees of coronary artery stenosis exhibit different degrees of CCC, and the potential mechanisms remain unclear. As known, the formation of CCC is a complex multifactorial process, monocytes 7) , vascular smooth muscle cells, and endothelial cells are essential for remodeling of pre-existent interconnecting arterioles into well-developed CCC 2, 8, 9) ; cytokines such as intercellular adhesion molecule, monocyte chemoattractant protein-1 (MCP-1), and nitric oxide (NO) are crucial in controlling these cell behaviors 7) . Therefore, seeking and investigating vital regulators associated with CCC may show the mechanisms of formation of CCC and provide important clinical significance.
Adipose tissues not only play roles in energy storage but also function as an important active endocrine organ that can produce and secrete numerous bioactive adipokines involved in the development of cardiovascular diseases (CVDs) 10) . Omentin-1, also called intellectin-1, is a novel adipokine that is highly expressed in visceral fat 11) . It has been shown that plasma omentin-1 level was decreased in obesity and negatively correlated with body mass index (BMI), waist circumference, leptin levels, and insulin resistance 12) . Moreover, evidences showed that omentin-1 was inversely associated with the presence and angiographic severity of CHD in metabolic syndrome (MetS) patients 13) , and more important is that it markedly displays counteractive effects against atherosclerosis and ischemia-induced revascularization [14] [15] [16] . However, there have been no previous reports regarding the correlation between plasma omentin-1 and CCC.
Based on the above researches, we reasonably speculated that plasma omentin-1 may associate with CCC. Thus, the aim of this study was to investigate whether omentin-1 can act as a potential predictor for poor or good CCC in patients with CHD with severe coronary artery stenosis.
samples. All samples were subpacked in several small tubes and stored at 80 until analysis. The quantitative measurement of plasma omentin-1 was determined using a sandwich enzyme-linked immunosorbent assay (ELISA) kit (Cat. No.: RD191100200R, BioVendor, Brno, Czech Republic) according to the manufacturer's instructions. The kit was highly sensitive and specific, as the limit of detection was 0.5 ng/ mL, and the average intra-/inter-assay coefficient of variation was below 5%.
Statistical Analysis
Continuous variables were expressed as the mean standard deviation or mean standard error of patients were divided into two groups in accordance with Rentrop grade: poor CCC (grades 0 and 1) and good CCC (grades 2 and 3).
Laboratory Analysis
Fasting venous blood samples used for complete blood count and biochemistry panel were collected from all subjects in the morning before coronary angiography. Blood samples used for omentin-1 measurement were withdrawn in an ethylene diamine tetraacetic acid (EDTA) containing anticoagulative tube when performing the coronary angiography. Immediately, the blood samples were centrifuged with 3,000 rpm for 10 min at 4 to prepare the hemocytes and plasma 
Associations between Plasma Omenin-1 and CCC
To ascertain the association of omentin-1 with CCC, we first performed ELISA assay to determine the plasma omentin-1 concentration in the total subthe mean as statement. Comparison of parametric values was between the two groups using independent sample t test. Categorical variables were compared by the chi-square test. Correlation analysis was computed to examine the association between two variables using Spearman or Pearson correlation analysis, as appropriate. The receiver operating characteristic (ROC) curve analysis was used for the determination of optimal cutoff value of omentin-1 for the prediction of good CCC. Univariate and multivariate logistic regression analyses were performed to determine the independent predictors of good CCC. All statistical analyses were performed using the SPSS 13.0 (SPSS Inc., Chicago, IL, USA) software package. A two-tailed p value 0.05 was considered to be statistically significant.
Results
Clinical and Laboratory Characteristics
The general characteristics of the study population were summarized in Table 1 . A total of 142 subjects including 79 patients with poor CCC and 63 patients with good CCC were recruited in the study. The two groups were matched in sex and age. Most patients were male in both groups (83.5% vs. 82.5%, p 0.874). The mean age was 62 10 years in the poor CCC group and also was 62 10 years in the good CCC group (p 0.942). Furthermore, there were no significant differences between the two groups in BMI (p 0. Furthermore, the ROC analysis provided a cutoff value of 572.4 ng/mL for plasma omentin-1 level to predict good CCC with 43% sensitivity and 75% specificity, and the area under the ROC curve was 0.598 (95% CI: 0.505 -0.692, p 0.044, Fig. 2 ).
Discussion
To our knowledge, the results presented here represent the first report to demonstrate that omentin-1 was associated with good CCC development. In this study, we found that plasma omentin-1 level was significantly higher in patients with good CCC than those with poor CCC; meanwhile, logistic regression analysis and ROC curve analysis indicated that omentin-1 can serve as an independent predictor of good CCC development. With the exception of omentin-1, TC, the number of the diseased vessels, a higher frequency of LCX and RCA, CTO, and gensini score were also shown to be as an independent predictor of good CCC development.
With the extensive use of revascularization involving PCI and CABG, the treatment and prognosis of patients with CHD have been improved enormously. However, the clinical significance of adequate CCC is irreplaceable for patients who are not suitable for conventional revascularization regardless of severe coronary artery stenosis. Clinically, collateral arteries preventing myocardial ischemia during a brief occlusion jects. As shown in Fig. 1 , plasma omentin-1 concentration was significantly higher in patients with good CCC than those with poor CCC (566.57 26.90 vs. 492.38 19.70 ng/mL, p 0.024, Fig. 1) . Meanwhile, as shown in Table 3 , further correlation analyses in the total subjects indicated that plasma omentin-1 level was negatively correlated with hyperlipidemia (r 0.171, p 0.041) and BMI (r 0.221, p 0.008) but positively correlated with TC (r 0.218, p 0.009), HDL (r 0.255, p 0.002) and gensini score (r 0.176, p 0.036).
As shown earlier that plasma omentin-1 level was higher in patients with good CCC, so we furtherly performed logistic analyses to determine whether omentin-1 can serve as an independent predictor of good CCC development. As shown in Table 4 Data were expressed as mean standard error of the mean. pendent predictor of the good CCC development. In accordance with previous studies, our results also verified that the severity of coronary stenosis was the determinant of good CCC, as it is the initiation of FSS that caused CCC development 2) . Despite many advances in understanding the physiological and pathological processes of CCC, the mechanism of CCC development remains unclear, especially for the paradox that patients with the similar degree of coronary stenosis show distinct collateral vessel development. Therefore, it prompts us that some regulators may play pivotal roles in collateral vessel development out of the degree of coronary stenosis. Studies have proved that the remodeling process of mature CCC has been termed arteriogenesis 25) , which has been shown to be regulated by many cytokines including vascular endothelial growth factor, activin receptor-like kinase 1, MCP-1, tumor necrosis factoralpha, and fibroblast growth factor 9, 19) . Except these cytokines, adipokines such as adiponectin 26, 27) , apelin 28, 29) , and secreted frizzled-related protein 5 30) have also been testified to be associated with collateral vessel development. Consequently, seeking and elucidating the momentous regulators involved in CCC development is worthy for clinical practice.
Omentin-1, also referred to as intelectin-1, is abundantly expressed in human visceral adipose tisare present in every third individual 19) . Collateral flow sufficient to prevent myocardial ischemia during coronary occlusion amounts to one-fourth -one-fifth the normal flow through the open vessel 19) . Moreover, well-developed CCC also in favor of the long-term clinical outcomes of patients with coronary CTO and well-developed CCC who undergo revascularization, showed that good CCC significantly lowers the incidence of cardiac death and major adverse cardiac events in the revascularization group compared to the simplex medication group as evidences 20) . Considering the important clinical benefits of CCC in CHD, many studies have been established to understand the mechanism of collateral development. Numerous clinical factors were certified to be the determinants of good CCC in patients with CHD such as degree of coronary stenosis, proximal lesion location, longer duration of symptoms, longer duration of lesion occlusion, heart rate (lower), neutrophilto-lymphocyte ratio (N/L), circulating monocyte count, and male gender 7, [21] [22] [23] [24] . Among them, the degree of coronary stenosis was considered to be the strongest predictor as confirmed by several studies 7) .
In our study, we demonstrated that the number of the diseased vessels, CTO, and gensini score not only was significant higher in patients with good CCC than in those with poor CCC, but can also serve as an inde- limbs of wild-type mice in vivo, which were accompanied by increased phosphorylation of Akt and endothelial nitric oxide synthase. Meanwhile, omentin-1 also increased the capacity of tube formation and decreased apoptotic activity in cultured human umbilical vein endothelial cells 16) . Furthermore, as smooth muscle cell phenotype transformation is crucial for regulating CCC development 8) , evidences showed that omentin-1 suppressed both contractile and synthetic phenotypes ( -SMA and SMemb) with downregulation of PI3K, c-Src, Raf-1, ERK-1/2, and NF-B, but not AKT and a-tubulin 14) . Besides, Takeda et al. 32) showed that skewed polarization of macrophages toward an M2 phenotype supports collateral artery growth, it could be that omentin-1 regulates macrophage differentitation by inhibiting pro-inflammatory M1 phenotype and promoting pro-angiogenic M2 phenotype 15) . These findings are highly relevant, making the present study on the association of omentin-1 with CCC interesting and significant.
Besides, we also found that the number of the diseased vessels, a higher frequency of RCA, and CTO sue 11) . Studies have demonstrated that serum omentin-1 levels were associated with obesity-linked diseases and CHD and negatively correlated with the presence and severity of CHD in patients with MetS and carotid intima/media thickness in healthy men 31) . Given the important roles of omentin-1 in cardiovascular protective effects, we detected the plasma omentin-1 levels in patients with good and poor CCC. In our study, we firstly demonstrated that individuals with good CCC showed significant higher plasma omentin-1 levels compared with those with poor CCC. Besides, logistic regression analysis indicated that plasma omentin-1 level was an independent predictor of good CCC that was furtherly confirmed by ROC analysis. Our results indicated that plasma omentin-1 level significantly correlates with good CCC, suggesting that omentin-1 may play remarkable roles in CCC development. Nevertheless, the underlying mechanism regarding higher plasma omentin-1 levels in relation to good CCC is not fully understood. Maruyama et al. 16) indicated that omentin-1 enhanced blood flow recovery and capillary density in ischemic were independent predictor of well-developed CCC, which was consistent with the previous study 28, 33) . Moreover, we observed that plasma TC level also acted as an independent predictor of the good CCC development, which was different from a previous study in a Turkey population finished by Ege et al. 34) . Furthermore, as confirmed in previous studies 12) , our study showed that plasma omenin-1 level was significantly negative with BMI and positive with HDL level, but it is puzzling that positive correlation existed between plasma omenin-1 level and TC level that was inconsistent with an existing results 35) . In relation to these controversial results, we consider that the type of disease, sample size, inclusion criteria for patients with CHD (especially the extent of coronary stenosis), and races because of genetic diversity may make contributions. However, the detailed mechanism still needs further investigation.
There are some limitations that should be recognized in our study. First, we obtained the results from only one population with a relative small sample size. Therefore, our findings would need to be replicated with a larger sample size and another population. Second, the Rentrop scoring system was used for coronary collateral grading in our study, even though small microvascular caliber vessels may not be visualized angiographically because of modern-day digital storage media 36) . Finally, although we determined the remarkable correlation between plasma omentin-1 level and good CCC development, but the underlying mechanism was unclear, further studies are needed to be focus on the function of omentin-1 in CCC development.
Conclusion
In conclusion, this is the first study to demonstrate that plasma omentin-1 level is significantly higher in patients with good CCC than in those with poor CCC and can serve as an independent predictor of good CCC in patient with CHD with ≥ 90% coronary artery occlusion. Our study provides an alternative target for therapeutic strategies and medication to promote CCC development in patients with CHD. However, further studies in different populations with larger sample size are needed to confirm these findings, and additional studies are necessary to address the underlying function and mechanism.
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